FOLDED ARRAY CT BAGGAGE SCANNER 
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have deployed hand-fed machines in terminal lobbies, usurping premium space, or 
implemented the manpower-intensive ETD systems. In order to improve efficiency, 
reduce manpower requirements, and recover lobby space, airports will transition to EDS 
machines integrated into airport baggage handling system. However, existing EDS 
5 machines are not easily deployed or integrated into existing baggage handling systems. 
Known Explosives Detection Systems (EDS) utilize either Computed 
Tomography (CT) technology, or a combination of x-ray and CT technology, to create an 
image of the contents of a bag. Projection x-ray systems have been used for many years 
with carry-on baggage. However, such systems require operator review of all images and 
10 provide slow throughput. Furthermore, these systems also cannot provide thickness or 
density information for objects in order to provide explosive detection. 

A Computed Tomography (CT) machine has been designed to perform automated 
explosives detection for passenger baggage, parcels, mail, and small cargo prior to 
loading onto an aircraft. CT technology has been proven to successfully meet the US 
15 TSA Certification requirements for automated explosives detection (EDS) in airline 
checked baggage. While CT technology is effective for explosive detection, use of 
existing CT technology in checked baggage inspection has many drawbacks. CT 
machines incorporate a rotating ring or "gantry" on which the X-ray source and detectors 
are mounted. Fig. 1 is a cross sectional view of a conventional CT scanner 10. The CT 
20 scanner 10 includes a gantry 11 surrounding a tunnel 20. A conveyor (not shown) moves 
baggage through the tunnel 20 for scanning. The gantry 1 1 rotates about the tunnel, 
producing one slice of data for each rotation. An x-ray source 30 produces a narrow 
angle beam 40. A detector 31 is positioned on the gantry 1 1 to intersect the x-ray beam 
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, The detector 31 may consist of multiple detectors which 
40 passing through the tunnel. The detector 3 1 m y 
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scanned. 
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Howev^.ohsys^cC — ofdoUa.ini,*— e 

fceCT system mus.movea.as.ow^d.0 genera. suif.Cntda.afo.re—tionof 
5 ^eeomentsofthebaggasefto^hesHces. In order to accommoda.e the volume of 
baggag ea.a,argeairpo rt ,a — , number of scanners are reared. WUhmnUip.e 

scanners, coordination of operation issues arise. 

SUMMARY OF THE INVENTION 
ThedefcienciesofthepriorartaresubstantiaUyovercomebytheCTscannerof 

detectors. One set of detectors is centered on .be x-ray source witb one or more 
^iona.setscoveringonteredgesoftbewideangiex-raybeam.TbeCTscanneroftbe 

present inventtonhasareduced size whUe maintaining the same tunnel size as 

reconstruction aigoritbms can be simpiified. According to anotber aspect of tbe 
invention, detectors are positioned on oniybaif of the detector ring. According to anotber 

.eposhioned on the other ha.fof.he detector ring. The CTseannerofme present 
sets of detectors. 

According to another aspec. of .he invention, the x-ray source operates at a 
reaucedflux.eveifromconven.iona, system, One to me compact size of tbe CT scanner 
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of the—, the shone, distances from the source to the detector allows for a less 
powers. According* another aspect ofthe invention, a portion of a bag can be 

isaveraged to remove noise. Theresulting redaction in noise al.ows a reconstrnction of 
5 heavy bags with a reduced flux x-ray source. 

According to another aspect of the invention, the reduced size CT scanner is 
incorporated into an airline check-in desk. The CT scanner is positioned toaflowthe 
passenger to insert the bag to be checked. Upon successful scanning and analysis (or 
prior to scanning and analysis), the baggage is tagged by airline personnel in the regular 

aspect of the invention, a plurality of CT scanners arc networked 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 isacross sectional view of a conventional CT scanner. 
Fig. 2 is a perspective view of a CT scanner according to an embodiment of the 

15 present invention. 

Figs. 3A and 3B are perspective views of a gantry system according to an 

embodiment ofthe present invention. 

Fig. 4 is a cross sectional illustration of a CT scanner gantry according to an 
embodiment ofthe present invention. 

Fig. 5 is a perspective view of a detector array component of a CT scanner 
according to an embodiment ofthe present invention. 

Fig.6isafrontviewofaportionofadetectorofaCT scanner according to an 

embodiment of the present invention. 
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Fig.7isacross sections, view „f a de.ec.ot component of a dual energy CT 
scanner according to anembodiment of the present invention. 

Fig. 8 is a block diagram of the components of a CT scanner according to an 

embodiment of the present invention. 

Fig^isabiochdiagramofcomputercomponentsofaCTscanneraccordingto 

an embodiment of the present invention. 

Fig . ,0 is a perspective view of an airline check-in desk according to an 

embodiment of the present invention. 

Fig. 11 isablock diagram ofanetworkedCT scanner system according to an 

,0 embodiment of the present invention. 

Fig. 12 represents the pitch between detector elements according to an 

embodiment of the invention. 

Fig . 1 3 is a cross seetional view of a CT scanner according to another 

embodiment of the present invention. 
15 Fig. 14A-C represents data from the CT scanner of Fig. 13. 

Fig. 1 5 is a cross sectional view of a CT scanner according to another 

embodiment of the present invention. 

DETAILED DESCRIPTION 
A CTscannerof.be present invention hasanrore compact size than convention. 
20 scannersthrooghdrenseofawideanglex-raysonrceandafoldeddetectorarray, 
coding setsofdetector arrays at different distances from .hex-ray sonrce. F,g. 2 
i^stratesanembodimentofaCTscannerlOO according .o an embodiment .he 
present invention. TheCTscannerlOOinciudesahonsingl.OwithasubstantiaUy 
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circu ,ar tunnel ,20, therethrough. Thetunne, ,20 has an input end ,2, and an output 
end,22.Aconveyor ,23 extends from the input end ,2, to the output end.22of.he 
^,,20. For ease ,oading baggage, the conveyor may extend beyond, he ends of the 
tunnel 120. Additionally, other conveyors maybe positioned and used to transfer 
baggage.o or fromthe conveyor ,23 in the CT scanner 100. Coverings (not shown), 
such as,ead„ned rubber or fabric, maybe placed within the tunnel ,20 or at the input 
end ,2,a„d output end ,22, to provide x-ray shielding. The CT scanner ,00 has a x-ray 
a r ea,30towardsi,scen.e,AsillustratedinFig.2,,he X -rayarea,30maybe,argerman 
, h eends,2,,,22ofthetunne,,30.A,temative,y,thehousin g „0cou,dbeformedofa 

0 single size to accommodate the size of the x-ray area 130. 

Figs. 3A and 3B illustrate a gantry system disposed within the x-ray area 130 of 
thehousingllO. The gantry system includes a support struck 2,0 (Fig. 3A) and a 
g antry220(Fi g .3B>. The support structure 2,0 includes a base 2 „ andacircular 
shaped vertical su PP or,2,2. The vertical support 212 is auached to the base2,l. The 
,3 g antry220includesari„g22,whichisrota.b,yat,achedtothevertica,su P port2,2so 

that the tunne, ,20 passes through the centerofthe ring 221. Anx-ray source 230 is 
attached to the nng22, to provide a wide angle x-ray beam over the entire areaofthe 
tnnnel 120. Preferably, the x-ray source hasarounded shape on anupper surface, smu.ar 

!h ape to Ore outer surface of the gantry. La th,s manner, the size of the gantry canbe 
reduc ed since it does notneed to accommodate the extensions of a rectangular x-ray 

Furthermore, the gantry has a three sets of detector arrays240, 241, 242, 
positioned on ,hering22, within the projected beam ofthe x-ray source 230. Notably 
absent from the gantry is a com P uter. Conventional CT scanners include a com P uter on 
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ofth ep K sent invention, theCT scanner does not inclnde a contputer on the gantr,. 

the processing of data as in conventional CT scanners. 

Fig 4inustratestheposi.ioningo f the X -ra y sourcc230and th e f o,dedarra y 

aeteetorsm^i.^ontHering^.Titenng^of.heg^.Ois— „ y 
cm ^enthetnnneUsapp—iySOcmindiantete, A conventional CT scanner 

^.eaof.etnrnteinO.SincetHex-ra.sonrceBOnasawider.earn.Odtanfora 
conventional CT scanner, it can be positioned closer to the tunnel. The CT scanner of the 

24 0 24, 242 ,di ff eren. d is,ancesfro m thex-ra y source230.Onesetofdeteetors240 

eoversaeentra,portionofthegan ffy ringandiscenteredon*ex-ra y sonreeata 

disEm cee q uaHothesonrce,ocenterde,ectordis,anee.Theo*e r se,sofde,ec,ors241, 
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invention, .he detector elements of the first set of de.ec.ors 240 are approximately 10 mm 
5 ,„„ g an d 2.2mmwide. The deteetor dements of the second setsof detec,ors241, 242 

are 8 mm long and 1 .8 mm wide. 

Figs . 5 and 6 illustrate detector assemblies for simplifying the assembly of the CT 
scannerofdrepresentinvention and to improve coality control. Fig. 5 illustrates a 
detector assembly 300 Having a housing 3,0, a processing board 320 and a detector array 
10 330 Thede,ec,orarray330ine,udesap.ura.ityofde,ectors(notshow„)arran g edalong 
the width of the assembly 300. As illustrated in Fig. 6, detector assemblies 300, 301, 302 
a.atbtchedtotherin^ of the gantry 220. The detector assemblies 300, 301, 302 are 
positioned so that the detector or each endofthe detector array330is adjacent toa 
de ,ector ontheendofa, adjacent deteetor array. ,dea„y, for purposes of reconstmcuon, 
15 ev e ry detec,orind,carraywou,dbeperpendicu.ar,oande q uidistantfromthex-ray 
source However, with flat detector assemblies 300 there are slight variations in 
incidence angle and distance across the assembly. According to an embodiment of the 
i„vention,adetectorassemb,yat the centerofthe fir, set of detectors 240 is .ranged 
reenter detector element being perpendicular to the position of the x-ray source. 

the x-ray source. As illustrated in Fig. 6, the x-ray source direction 350, 351 is 
perpendicular, the left hand side of an assemb.y on the left hand side of the gatttry. The 
right hand side of assemblies on the other side of the gantry would be positioned 
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perpendicular to the direction of the x-ray source. Such positioning ailows Ore detector 
arrays to be properly angled and nested, as illustrated in Fig. 6 to minimize the distance 
between adjacent elements on different assemblies. 

The CT scanner of the present invention is smaller and less costly than 
5 conventional scanners. The wide beam width provides additional benefits in addition to 
reduced diameter. The shorter source to detector distances, allow for less powerful x-ray 
sources which translates to lower part costs, simplified cooling (quieter) and power 
requirements. The decrease in x-ray flux also requires less shielding, again translating to 
a cheaper (and lighter) system. 

According to an embodiment of the present invention, the CT scanner operates in 
adual energy mode. Fig. 7 is a cross sectional view ofa detector element 330 for dual 
energy operation. The detector element includes a low energy scintillator layer 33 1 , a 
low energy photodiode layer 332, a copper layer 333, a high energy scintillator layer 334, 
and a high energy photodiode layer 335. The high energy layers 334, 335 are wider than 
15 the low energy layers 33 1 , 332. According to an embodiment of the invention, the low 
energry layers are approximately 5 mm long and the high energy layers are 
approximately 10 mm long. The different lengths create similar flux levels between the 
low and high energy layers, even with the greater shielding from the copper and 
additional layers, thereby simplifying data acquisition electronics and subsequent signal 
20 processing. Alternatively, a dual energy scan can b, performed using lotown techniques 
with a pulsing x-ray source and a single photodiode layer in the detectors. 

Fig. 8 illustrates the components of a CT scanner 100 according to an 
embodiment of me present invention. The CT scanner 100 includes the gantry 221, and 
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^ computers 400, 500. A hos, co^ 400 — option of the sc^ and 
retri eves datafrom .he detectors. A detection algorithm computer 500 opera.es on the 
datato determine whether an exp,osive device or other object of interest present. Of 
course.asinglecompu.ercou.dbeusedtoperforrnaHof.hefuncdonsforthcCT 

derection algorithm from .owing down the operation and data collection of the CT 
scanner. Also, control and data elements are connected between the gantry 22, andthe 
^400,500. AnACpowerin P n.224,connec.ed.oordinar y 240VAC P ower, 
provides the power for the CT scanner. A DC power supply 225 receives the AC power 
10 .dconvertsit.oDCpowerforpowering.heprocessingelemen.son.hegan.ry. Ase.of 
motor drives 222, powered by the AC power, or alternatively by the DC power, operate 
fce conveyora^drotate the gantry. Ada, link 223 connects me detector assembhes to 
th ehos.compn.er400. DC power and the data link are positioned on the ringof.be 
may .o provide da.aduringro.abon. The circni. boards 320 on the detector assembhes 
15 300 samp,emede.ec.ors,440timespersecond. The data is then transferred, mrough me 
da ,alihK223 to the host computer 400. Encoders are also used to determine .he 

^^^^^^^^^^ 
host computer. 

The componentsofthe computers are illustmted in Fig. 9. The host computer 400 
20 in c,udesa m omerboard4,0andadataac q uisitioncard420. The data acuisition card 
420 includes inputs from the imaging array423,the conveyor belt encoder422, and the 
gantry encoder. 421. It also includes a field programmable gate array card 424 for 
ret rievingthe data and forwarding it to the motherboard 4!0. The motherboard 410 
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includes a processor 411, such as a Pentium processor from Intel, a large RAM 412, and 
a back-projection accelerator card 520 for processing the data. It also includes a 
Host/PCI bridge for sending and receiving information from the data acquisition card and 
other computer, The data retrieved from the CT scanner is transferred to the detection 
5 algorithm computer 500. An ethernet connection allows quick transfer of the large 

amounts of data. The detection algorithm computer also includes a motherboard 5 10 for 
proper processing of the data to determine the existence of explosives or other materials. 

The data from the CT scanner having a folded detector array can be processed 
using conventional CT operating and reconstruction techniques, such as helica. scanning 
,„ or start/stop scanning. The host computer is programmed to control the x-ray source, 
conveyor belt, and reading of detectors according to the desired scanning scheme. The 
detection algorithm computer, similarly, is programmed to reconstruct the CT data based 
upon the scanning scheme which is utilized. 

The smaller size of the CT scanner of the present invention allows it to be more 
,5 easilyineorporatedintothebaggagehandlingprocessthanexistingEDS systems. Fig. 
10 illustrates an airline cheek-in desk 700 incorporating a baggage scanner according to 
an embodiment of the present invention. As in some conventional check-in desks, the 
desk 700 of the present invention includes two cheek-in stations 710, 720 with a cheeked 
baggage loading area 730 between them. Multiple desks 700 could be positioned 
20 together in the airport lobby. The CT scanner 100 of the present invention is positioned 
at the baggage loading area 730. A passenger, upon checking in, places his or her 
baggage on the conveyor at the baggage loading area 730 or as a standalone system. The 
baggage is automatically scanned and processed for the existence of explosives. If the 
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baggage passes, the check-in personnel can tag it in the ordinary manner and forward it ,o 
fine baggage handiing system. With the check-in desk of this embodiment of the present 
invention, very little additional lobby space is needed for scanning baggage, and no 
modifications to the baggage handling system are retired. As an option, the bag can be 
5 processed as usual, with the bag tag placed by the ticket agent prior to scanning. Once 
checked-in, the bag is scanned and injected into the baggage handling system. If desired 
for improved operationa. flow, any suspect bag can be resolved in the baggage makeup 
area away from the passengers in the terminal area. Alternatively, the CT scanner of the 
present invention may be incorporated into a self service check-in desk, either as part of a 
,0 check-in area of the lobby or as a free standing kiosk. 

As described above, the CT scanner of the present invention may be a free 
standing, standalone unit with a TSA operator avaflable for reviewing images and 
addreesing potentiai threats. According to another embodiment of the present mvention, 
the host computers of a plurality of CT scanners 700 are networked together to form a 
,5 single EDS. The networked CT scanners may include any combination of free standing 
units, self check-in units and integrated check-in desk units. Most bags can be 
automatically cleared by analysis of the scan dam. However, some may require farmer 
review by an operator. Rather than have an operator at each scanner, as is used with 
carry-on baggage, a threat control room 760 with a plurafity of operators is connected to 
20 thenetwork. If a bag cannot be cleared automatically, the projection and/or 

reconstruction data is transferred to an operator in the threat control room 760. The 
operator can then determine whether a threat exists or can be cleared. If the possible 
tea, is cleared by tire operator, me bag is passed to the baggage handling system in the 
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ordinary manner. However, if the threat cannot be cleared, the bag wou.dbe passed to 
other operators for a manual hand search. The network may include additionai 
eouipment, such asnetwork server computers 750, printers 77!, networkcontroi stations 
772, and remote resolution computers 773. 

' The small size of the baggage scanning system also al.ows it to be placed in other 
,oca.ions for distributed hand.ing of checked baggage. For example, a scanner could be 
p,aced for curb-side check-in or a, rental car return areas for simplified processing. 
Additionally, hotels or other locations could provide check-in baggage service by 
providing a scanner and a secure area for scanned baggage. Guests could have their 
, ugg age au.omatica.ly processed by the hotel and securely transferred to the airport 
without fire need for firrther processing or delay during check-in. Additionally, the size 
of the scanner could permit it to be placed inavehicle used to pick up baggage from 

variouslocations for transport to the airport. Free standing units canbe provided at 
various locations in the airport for either self-checkin or assisted check-in of passengers. 

, Alternatively, a CT scanner of the present invention may be used a, security checkpoints 
for scanning of carry-on baggage. Each scanner, independent of its location in fire airport 
or away from the airport, may be operated as a stand a.one unit or may be networked for 
common review by TSA operators. 

Fig. 13 illustrates another embodiment of the present invention which provides 

!0 additionalreductionsinthesizeandcost.fnthefithdembodiment.theCTscannerSlO 

has multiple detectors 841, 842, 843, 844, 845 located on half of fire detector ring 811. 
As in the first two embodiments, the detectors are at different distances from the x-ray 
source 330 and at different angle, Using half a detector ring is sufficient for creating a 
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♦ Fies 14A-14C illustrate CT reconstruction. Fig. 14A 

required for reconstruction. Figs. 14 a i*k. 

(Ml detector ring. Fig. 14B illustrates reconstruction of 
illustrates reconstruction using a full detector ring, g 

tv,p data from Fig. 14B can be used to complete 
5 thesamedatafromhalfadetectornng. The data from h g 

afu llreconstructionasillustratedinFi, HC. Using only half a detector nng, as in tnis 

embo diment,allowstheimagingcosttohesu— 

are required. 

!nord e tt oc Utt hecos tf U rt he r ,thep r ese„ti n ve„ ti o„ m a y o^a teW ith red ueed 
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^heanai^d.asdiscusseabeiow.todetenninewnichhassc.^onaofahasa, 

tim e for those .thousandth hag siieesofveryheavfly chattered bags. represent 
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without the need for a manual search. 

According to another embodiment of the present invention, the CT scanner of the 
p^ntinventioncatrhensedfordoaienersyCX scans wimasin g lep,softheba gg a g e 

reinvention. TheCTscam.er 91 0,„c ta desa Wi de-an gl e X -m y source 9 30and W o 
s e ts ofdetec,ors 9 40, 9 50.Eachofthese t sofde t ec t ors 9 40, 95 0 1 nc, U desap, U raiit y of 

«foreachsetareeachpositionedononeha,fo f medetec,orri ng9 ii,asinthe 
10 «emhodiment. The two sets of detectors .0, «0 are sensitive to different ener gy 
,ec,rums. Usin.theCTscannerofthisemhod.ment.twoCTsiices.ofdifferent 

^ener.ana.sisoftheCTima.es.Oneca.aisoohtaindoaiener.CXim.eswhh 

„ ..emachine.rnisisver.desirahieinanairportenvironment. Although** ,5 

^esf.vede^ctorarmysforeachsetofde^ctora.anynomherofde^rarra, 
mayb eused. E achsetofdetectors940,950,correso P ndin g ,oane n er gy .eve 1 ofthex- 

ray source, is positioned on one half of the detector rin g 911. 

The present invention has been described with respect to inspection of checked 
20 baggag e,sincei,hassub S tantia 1 usesinthatf 1 eid. However, the reduced size of the 
^edarravCTscanneraccordin.tothepresentinventioncanbeusedinman.other 

p^einspecuonorscreemng. A lar g er wnnel is typically necessary for car g o and 
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pallet* inspection, and eonventional CT seanners are correspondingly much larger. The 
CT scanner of the present invention has a significantly smaller size, even with a large 
tunnel. The present invention may also be used in medical CT scanning applications. 
Furthermore, the present invention has been described as including an x-ray 
5 source. Conventionally, CT scanners have used x-ray sources for radiation and 
appropriate detectors for x-rays. Of course, other radiation sources, such as gamma 
radiation, could also be used in connection with the present invention. With a different 
radiation source, the detectors and/or scintillator material would need to be changed as 
appropriate to measure the proper radiation spectrum. 
,0 Having described at least one embodiment of the invention, modifications, 

adaptations and improvements will be readily apparent to those of ordinary skill in the 
art. Such modification, changes and adaptations are considered part of the invention. 
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